INTRODUCTION
Glycerin (GLY), a byproduct of biodiesel pro duction, has become more readily available for in clusion in livestock feed. As an ingredient, GLY has the attributes for flowability in low temperatures and is noncorrosive to feeding equipment. Additionally, GLY is low in protein (Hales et al., 2013b (Hales et al., , 2015 , which may be concentrated in finishing diets contain ing corn milling byproducts.
Recently, data investigating the use of GLY in highconcentrate finishing diets have become more available, with results generally showing either a positive or neu tral response in animal performance and carcass char acteristics. Parsons et al. (2009) ABSTRACT: Fortyeight individually fed cross bred steers (initial BW = 381 ± 7.61 kg) were used to determine the effects of glycerin (GLY) concen tration in steam-flaked corn (SFC)-based diets with added yellow grease on animal performance and car cass characteristics. Glycerin was included at 0, 2.5, 5, and 10% dietary DM replacing SFC. A completely randomized design was used with steers as the experi mental unit, and the model included the fixed effects of diet. Contrast statements were used to determine linear and quadratic effects of GLY inclusion. Final BW and DMI were not affected (P > 0.27) by GLY concentration. Average daily gain and G:F based on live BW did not differ as GLY level increased in the diet from 0 to 10% of DM (P > 0.33). Carcassadjusted final BW and carcass-adjusted G:F were also not affected by GLY concentration (P > 0.22); however, carcass-adjusted ADG tended to respond quadratical ly by decreasing from 2.5 to 5% GLY inclusion and increasing thereafter (P = 0.10). Calculated dietary NE m and NE g did not differ as GLY increased in the diet (P > 0.37). Hot carcass weight tended to respond quadratically, decreasing from 2.5 to 5% GLY and increasing thereafter (P = 0.10). Likewise, dress ing percentage tended to respond quadratically by decreasing from 2.5 to 5% GLY inclusion and increas ing to 10% GLY inclusion (P = 0.09). Fat thickness decreased linearly as GLY inclusion increased in the diet (P < 0.01); however, no differences were detected in marbling score and LM area (P > 0.21). Calculated yield grade (YG) decreased linearly as GLY increased in the diet from 0 to 10% of DM (P = 0.04). Based on our results, there was no animal performance benefit for replacing SFC with GLY in diets containing yel low grease, and the only change in carcass merit was a slight improvement in YG.
of GLY up to 16% in steam-flaked corn (SFC)based diets and reported a quadratic response, concluding that optimal GLY inclusion occurred at 2% while inclusion of 16% GLY resulted in performance similar to the 0% GLY control diet. Similarly, Moore et al. (2011) report ed a linear improvement in G:F for steers consuming up to 9% GLY. Gunn et al. (2010b) reported no change in performance or carcass characteristics of finishing wether lambs when feeding up to 20% GLY. However, none of these studies included supplemental fat in the diets. In many feedlot finishing diets, supplemental fat is commonly added to increase the energy density as re ported by Vasconcelos and Galyean (2007) where 71% of consulting nutritionists surveyed included it in their diets. It is known that as supplemental fat increases in highconcentrate diets, DMI decreases (Krehbiel et al., 1995) ; GLY follows the same pattern, decreasing DMI as GLY increases in the diet (Hales et al., 2013b) . Our hypothesis was that GLY and supplemental fat fed in combination would have negative associative effects on DMI. Therefore, our objective was to evaluate the effects of GLY concentration on performance and carcass char acteristics of finishing steers consuming SFC-based diets containing supplemental yellow grease.
MATERIALS AND METHODS
All animal care and management procedures were approved by the Amarillo Area Cooperative Research, Education, and Extension Team Institutional Animal Care and Use Committee. Fortyeight crossbred steers (initial BW = 381 ± 7.61 kg) were used to determine the effects of dietary GLY concentration in SFC-based fin ishing diets containing yellow grease on animal perfor mance and carcass characteristics. Before being used in the current finishing trial, steers were used to investigate the use of GLY in growing diets (Hales et al., 2013a) , where receiving and vaccination procedures have been described. The cattle used in the current study were re randomized and assigned to new treatments following a period of 7 d where cattle were limitfed a common diet comprised of 35.8% SFC, 25% cottonseed hulls, 25% ground alfalfa hay, 6.2% cottonseed meal, 5% molasses, and 3% supplement on a DM-basis.
Cattle Management
Steers were trained to a Calan Broadbent feeding system (American Calan Inc., Northwood, NH) dur ing the previous growing study (Hales et al., 2013a) . Upon initiation of the current finishing study, steers were limit-fed 1.75% of BW for 7 d to minimize differ ences in gut fill (Klopfenstein, 2011) and then weighed daily during the final 3 d of the limit-feeding period to obtain an initial BW (Stock et al., 1983) . Steers were stratified by BW and randomly assigned to di etary treatment. Steers were implanted with RevalorS (120 mg of trenbolone acetate and 24 mg of estradiol 17β; Merck Animal Health, Summit, NJ) at initiation of the finishing trial and were on feed for 112 d.
Dietary treatments were comprised of SFC (348 g/L [27 pounds/bushel]) with GLY replacing SFC at a rate of 0, 2.5, 5, and 10% of dietary DM (Table 1) , whereas urea was used to keep diets isonitrogenous. Glycerin was obtained from Westway Feed Products (Hereford, TX). Steam-flaked corn was purchased 3 to 4 times per wk from a neighboring feedlot. Diets were formulated to meet industry and established requirements (NRC, 2000) and contained 33 mg/kg monensin (Rumensin; Elanco Animal Health, Greenfield, IN) and 8.7 mg/kg tylosin (Tylan; Elanco Animal Health). Feed bunks were evaluated each day at 0630 h, and feed was allotted so that approximately 30 g/steer remained in the bunk each morning. Diets were mixed and offered once daily throughout the finishing period. Throughout the finish ing period, when wet, stale, or excessive feed remained in the bunk, orts were weighed and a subsample was collected for DM determination. Orts were subtracted from feed offered on a DM basis to calculate DMI. Steam-flaked corn samples were collected 3 times weekly, and all other dietary ingredients were collect ed once weekly for DM analysis. Dry matter content of offered feed and orts was determined by drying in a 60°C forced-air oven for 48 h. Ingredient DM was updated weekly for diet formulation. Weekly ingredi ent samples were composited by month and ground through a 2mm screen on a Wiley mill (Arthur Thomas Co., Philadelphia, PA). Monthly samples were then composited to encompass the duration of the study. Composites of dietary ingredients were sent to a commercial laboratory (ServiTech Laboratories, Amarillo, TX) for nutrient analysis using wet chem istry. Methanol content of the crude GLY was deter mined via gas chromatography at a commercial labo ratory (SDK Laboratories, Hutchinson, KS).
All steers were harvested on a single date when the average 12th-rib fat thickness was visually es timated by Texas AgriLife personal to be 1.27 cm. On the day of harvest, feed was withheld and steers were individually weighed. Weights were shrunk 4% and used to determine final live BW and to calculate dressing percentage. Steers were transported approxi mately 40 km to a commercial abattoir for harvest and subsequent carcass data collection (West Texas A&M University Beef Carcass Research Center, Canyon, TX). Hot carcass weights were recorded on the day of harvest, whereas 12th-rib fat thickness, LM area, and USDA marbling score were measured and re corded after a 24-h chill. Yield grade (YG) was calcu lated using individually measured carcass parameters (USDA, 1997). Final shrunk BW and DMI was used to calculate live growth performance (ADG and G:F). Carcass-adjusted final BW and growth performance were calculated by adjusting HCW to the overall aver age dressing percentage. Dietary NE m and NE g values were calculated from animal performance as described by Vasconcelos and Galyean (2008) .
During the course of the trial, 4 steers were ex cluded from the trial and final data because of low DMI (<1.5% of BW) or confirmed consumption of diets from bunks assigned to other steers on different treat ments, which resulted in 11 to 13 steers per treatment. Data were analyzed as a completely randomized design using the mixed model procedures of SAS (SAS Inst. Inc., Cary, NC) with individual steer as the experimen tal unit. The model included fixed effects of dietary treatment. Because the cattle were used in a previous experiment evaluating levels of GLY in a growing study, previous ADG, DMI, and G:F were included sep arately in the model as covariates. None of the covari ates were significant and were removed from the model. The Kenward-Rogers method was used for calculating degrees of freedom because the experimental units per treatment were unbalanced. Contrast statements were used to test the linear and quadratic effects of dietary GLY concentration. An additional contrast was includ ed to test whether the diets including GLY differed from the 0% GLY control diet. Effects were considered sig nificant at a P value of ≤0.05, with tendencies declared at P values between 0.05 and 0.10.
RESULTS AND DISCUSSION
Diets were formulated to be isonitrogenous by ad justing urea levels (Table 1) , with a range in dietary CP concentration of 12.71 to 12.95%. Dietary NDF, ADF, and crude fat concentration numerically decreased as GLY replaced SFC, as SFC has a greater quantity of fiber and fat than GLY. Most other nutrients remained numerically similar across diets with the exception of Na, which numerically increased as GLY increased from 0 to 10% of DM. The GLY used in the experi ment contained 2.91% Na (Table 2) , which is greater than the 0.01% Na concentration (DM basis) of SFC (NRC, 2000) . Methanol concentration was 0.04% re sulting in consumption of less than 150 mg/kg as man dated by the Food and Drug Administration.
Initial BW, final live BW, and carcass-adjusted BW did not differ among treatments (P > 0.27; Table 3 ). Dry matter intake was not different as GLY increased in the diet (P > 0.54). In an earlier experiment at the same location, Hales et al. (2013a) reported no differ ence in DMI of steers fed in Calan gates when GLY was included at 0, 2.5, 5, 7.5, and 10% DM in SFCbased growing diets. Likewise, Gunn et al. (2011) Parsons et al. (2009) and the current experiment is not understood, especially when the basal dietary ingredi ent and processing method was the same (SFC). In the present experiment, no differences in live ADG were detected (P > 0.27); however, there was a tendency for a quadratic response in carcass-adjusted ADG (P = 0.10) suggesting reduced ADG when GLY was included at 5% of the diet (Table 3) . Gunn et al. (2010a) fed lambs GLY at levels of 0, 5, 10, 15, and 20% and noted a quadratic response in ADG with maximal ADG observed at 15% GLY inclusion. Other reports have observed that ADG and G:F increased when GLY was included up to 10 and 12% of dietary DM, respectively (Pyatt et al., 2007; Parsons et al., 2009; Moore et al., 2011) . It is unclear why the current results do not agree with previous published studies, but one possible reason is that yellow grease was used in the current experiment but not in previously pub lished data where GLY was added in finishing diets.
Gain-to-feed efficiency on a live or carcass-ad justed BW-basis was not different as GLY increased in the diet (P > 0.22; Table 3 ). Conversely, Pyatt et al.
(2007) noted that inclusion of 10% GLY in cracked cornbased diets or byproductbased diets improved G:F by 19.2% over diets without GLY. Gunn et al. (2010b) noted a quadratic response in G:F for lambs fed increasing levels of GLY, and Musselman et al. (2008) reported that feeding GLY to sheep above 15% of DM decreased G:F as a result of decreased ADG. Furthermore, Parsons et al. (2009) demonstrated that including GLY up to 12% in finishing diets improved G:F when heifers were fed a highconcentrate diet based on SFC. A possible explanation as to why cur rent results contradict others could again be the use of added yellow grease in our diets. Calculated dietary NE m and NE g were not affected with increased GLY levels (P > 0.37), indicating that the GLY used in the current experiment was similar in NE value to SFC.
Hot carcass weight (P < 0.10) and dressing per centage (P = 0.09) tended to respond quadratically to GLY level (Table 4) , where 5% dietary inclusion of GLY resulted in the lowest HCW and dressing per centage values among treatments. Twelfthrib fat thickness decreased linearly as GLY increased in the diet from 0 to 10% of DM (P < 0.01; Table 4 ). Furthermore, the cattle fed the 0% GLY diet had a greater amount of 12th-rib fat thickness than diets including GLY (P = 0.03; Table 4 ). This reduction in fat thickness was the greatest in steers consuming 10% GLY, which had only 60% as much fat cover as steers consuming 0% GLY. As mentioned previously, the cattle were harvested when a majority of the cattle 4 Final individual BW measured live and shrunk 4% (NRC, 2000) .
5 Final individual BW calculated as individual HCW divided by the overall average dressing percent. 6 Dietary NE m and NE g concentrations calculated as described by Vasconcelos and Galyean (2008) , which utilized the equivalent BW scaling approach of NRC (2000) with a standard reference weight of 478 kg.
was visually evaluated to have 1.27 cm of backfat. The authors were not expecting treatment differences in backfat when cattle were harvested on the same day, and based on the quantity of backfat, the visual evaluation method was not effective. However, no dif ferences in marbling score were detected (P > 0.21), and GLY concentration did not affect LM area (P > 0.65). Because of the reductions in rib fat thickness, calculated YG decreased linearly with increased GLY in the diet (P = 0.04). Parsons et al. (2009) reported an increase in HCW when GLY was included at 2, 4, and 8% and a decrease in HCW at 12 and 16% DM com pared to 0% inclusion, as well as reductions in LM area, marbling score, and fat thickness. Conversely, Moore et al. (2011) reported an increase in the HCW of steers fed SFC-based diets with up to 9% crude GLY but no differences in 12th-rib fat thickness, YG, marbling score, or dressing percentage. Even though the studies of Parsons et al. (2009) and Moore et al. (2011) used SFC-based finishing diets, their data is in conflict with that of the current study. It is plausible that the yellow grease added to the diets in the current experiment caused an associative effect with GLY that prevented the expected benefits in HCW, 12th-rib fat thickness, dressing percentage, and marbling score.
Limited data are available where GLY was in cluded in finishing diets containing supplemental fat (yellow grease). Substantial reductions in measures of carcass adiposity were observed in the current study based on 12th-rib fat thickness. While the mechanisms are not entirely clear, it is possible that GLY is primar ily fermented to propionate at the expense of acetate (Drouillard et al., 2008) . Smith and Crouse (1984) demonstrated that glucose is the preferred substrate for intramuscular fat deposition, whereas acetate is preferentially used for subcutaneous fat deposition. Increasing a glucogenic substrate such as propionate at the expense of acetate may have the potential to increase or maintain marbling score with a concomi tant decrease in subcutaneous fat accretion. In lactat ing dairy cows, acetate is the primary substrate used for milk fat synthesis. DeFrain et al. (2004) fed diets containing GLY to transition dairy cows and observed that postpartum molar proportions of acetate decreased and propionate increased in cows fed diets containing GLY. The authors also reported a decrease in milk fat yield. In the current study, shifts in acetate and propio nate production may have been considerable enough to elicit the responses observed for 12th-rib fat thickness.
Another possibility is that there was an interac tion between the yellow grease and GLY in the diet. Microbial fermentation is altered with the intake of unsaturated fatty acids because of biohydrogenation that occurs in the rumen. Yellow grease contains more unsaturated than saturated fatty acids, and it is realis tic that this increase in unsaturated fatty acid intake increased their biohydrogenation and the production of trans fatty acids. In dairy cows, increased intake of unsaturated fatty acids has been reported to cause milk fat depression and increased trans-10 C18:1 in the milk fat (Bauman and Griinari, 2001) . Therefore, ruminal biohydrogenation of yellow grease and the re sultant increase in trans fatty acids production could explain the decrease in backfat observed with feed ing increased levels of GLY. It is peculiar that in the current experiment no differences in marbling score were noted although differences in backfat were ob served. The mechanism by which backfat is decreased and marbling score was not changed is not understood. Regardless, the current data support that GLY decreas es 12th-rib fat thickness.
Based on the results of this experiment, feeding increased GLY levels decreased 12th-rib fat thickness and consequently improved calculated YG. However, there was no animal performance benefit for replacing SFC with GLY in diets containing yellow grease. 2 Largest SE of the least squares means.
3 Contrast of 0% GLY vs. the average of all other diets.
4 400 = slight 0 ; 500 = small 0 ; 600 = modest 0 .
